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Interstitial cells of Cajal (ICCs) are the pacemaker cells in the gastrointestinal tract, and histamine 
is known to regulate neuronal activity, control vascular tone, alter endothelial permeability, and 
modulate gastric acid secretion. However, the action mechanisms of histamine in mouse small in- 
testinal ICCs have not been previously investigated, and thus, in the present study, we investigated 
the effects of histamine on mouse small intestinal ICCs, and sought to identify the receptors involved. 
Enzymatic digestions were used to dissociate ICCs from small intestines, and the whole-cell 
patch-clamp configuration was used to record potentials (in current clamp mode) from cultured ICCs. 
Histamine was found to depolarize resting membrane potentials concentration dependently, and 
whereas 2-PEA (a selective HI receptor agonist) induced membrane depolarizations, Dimaprit (a selec- 
tive H2-agonist), R-alpha-methylhistamine (R-alpha-MeHa; a selective H3-agonist), and 4-methylhis- 
tamine (4-MH; a selective H4-agonist) did not. Pretreatment with Ca 2+ -free solution or thapsigargin 
(a Ca 2+ -ATPase inhibitor in endoplasmic reticulum) abolished the generation of pacemaker potentials 
and suppressed histamine-induced membrane depolarization. Furthermore, treatments with U-73122 
(a phospholipase C inhibitor) or 5-fluoro-2-indolyl des-chlorohalopemide (FIPI; a phospholipase D 
inhibitor) blocked histamine-induced membrane depolarizations in ICCs. On the other hand, KT5720 
(a protein kinase A inhibitor) did not block histamine-induced membrane depolarization. These results 
suggest that histamine modulates pacemaker potentials through HI receptor-mediated pathways via 
external Ca 2+ influx and Ca 2+ release from internal stores in a PLC and PLD dependent manner. 
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INTRODUCTION 

Histamine is a biogenic amine and is synthesized from 
the basic amino acid histidine. Histamine is a major media- 
tor of inflammatory and allergic reactions [1] and plays im- 
portant roles in various physiological processes, for exam- 
ple, it regulates neuronal activity, controls vascular tone, 
alters endothelial permeability, modulates gastric acid se- 
cretion, and participates in inflammatory responses [2-5]. 
There are four histamine receptors, HI [6], H2 [7], H3 [8], 
and H4 [9], through which histamine can exert its effects. 
HI receptors are widely expressed in enterocytes, muscle 
layer, blood vessels, immune cells and ganglion cells [10]. 
H2 receptors are located on parietal cells in fundic mucosa, 
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intestinal epithelium, immune cells, and myenteric ganglia 
[10]. H3 receptors are presumably located on submucosal 
neurons from human small and large intestine [11], where- 
as H4 receptor is mainly expressed in leucocytes in mucosa 
and is colonic submucosal blood vessels [9,10]. 

Many regions of the tunica muscularis of the gastro- 
intestinal (GI) tract display spontaneous contractions, 
which are mediated by the periodic generation of electrical 
slow waves [12]. Furthermore, recent studies have shown 
that interstitial cells of Cajal (ICCs) act as the pacemakers 
and conductors of electrical slow waves in GI smooth mus- 
cles [13-17]. 

The histaminergic control of GI motility is very complex 
and consists of neurally mediated as well as direct effects 
on the smooth muscle contractility. Despite the multiplicity 
of studies carried out to characterize histamine receptors 
in GI tissues, there are few studies of the importance of 
these receptors in the control of physiologic GI motility is 
still not well established. Results obtained have sometimes 
been contradictory [18], suggesting the existence of species 
differences in the distribution [19,20] and functional role 
of histamine receptors [21]. Also, a central inhibitory con- 
trol of intestinal propulsion by histamine receptors was 
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demonstrated in the rat [22]. Oishi et al. [23] studied the 
effect of histamine receptor ligands on the intestinal transit 
of a charcoal meal in mice, but did not observe any H re- 
ceptor mediated effect in response to the histamine-receptor 
agonist. Recently, Kim et al. [24] investigated the ex- 
pression of histamine receptors and responses to histamine 
in colonic contractility in mouse and monkey and they sug- 
gested that histamine receptor expression in simian colon 
is closer to that reported in human. However, the effects 
of histamine on mouse small intestinal ICCs have not been 
previously investigated, and thus, we conducted this study 
to investigate the effects of histamine in mouse small in- 
testinal ICCs. 



METHODS 

Preparation of cells and cell cultures 

All animals used were treated ethically according to the 
'Guidelines for the Care and Use of Animals' issued by 
Pusan National University. Balb/c mice (8-13-days-old) of 
either sex were anaesthetized with ether and sacrificed by 
cervical dislocation. Small intestines were removed from 1 
cm below the pyloric ring to the cecum and opened along 
the mesenteric border. Luminal contents were washed out 
with Krebs-Ringer bicarbonate solution, tissues were pin- 
ned to the base of a Sylgard dish, and mucosa was removed 
by sharp dissection. Small strips of intestinal muscle 
(consisting of both circular and longitudinal muscles) were 
then equilibrated in Ca 2+ free Hank's solution containing 
5.36 mM KC1, 125 mM NaCl, 0.34 mM NaOH, 0.44 mM 
Na 2 HC0 3 , 10 mM glucose, 2.9 mM sucrose, and 11 mM N- 
(2-hydroxyethyl)piperazine-Af-2-ethanesulfonic acid (HEPES) 
for 30 min. Cells were then dispersed in a solution contain- 
ing 1.3 mg/ml collagenase (Worthington Biochemical, Lake- 
wood, NJ, USA), 2 mg/ml bovine serum albumin (Sigma- 
Aldrich, St. Louis, MO, USA), 2 mg/ml trypsin inhibitor 
(Sigma-Aldrich) and 0.27 mg/ml ATP, plated onto sterile 
glass coverslips coated with 2.5 mg/ml murine collagen 
(Falcon/BD, USA) in 35 mm-diameter culture dishes, and 
cultured at 37°C in a 95% 02-5% CO2 incubator in smooth 
muscle growth medium (SMGM; Clonetics, San Diego, CA) 
supplemented with 2% antibiotics/antimycotics (Gibco, 
Franklin Lakes, NJ, USA) and 5 ng/ml murine stem cell 
factor (SCF; Sigma-Aldrich). ICCs were identified immuno- 
logically by incubation with anti-c-kit antibody [phycoery- 
thrin (PE)-conjugated rat anti-mouse c-kit monoclonal anti- 
body; eBioscience, San Diego, CA] at a dilution of 1 : 50 
for 20 min. Because ICCs differed morphologically from oth- 
er cell types in cultures, they were identified by phase con- 
trast microscopy after incubation with anti-c-kit antibody. 

Patch-clamp experiments 

The physiological salt solution used to bathe cells (Na + - 
Tyrode) contained; 5 mM KC1, 135 mM NaCl, 2 mM CaCla, 
10 mM glucose, 1.2 mM MgCl 2 , and 10 mM HEPES, ad- 
justed to pH 7.4 with NaOH. The pipette solution contained 
140 mM KC1, 5 mM MgCl 2 , 2.7 mM K2ATP, 0.1 mM NaGTP, 
2.5 mM creatine phosphate disodium, 5 mM HEPES, and 
0.1 mM ethylene glycol bis(2-aminoethyl eiher)-N,N,N',N'- 
tetraacetic acid (EGTA), adjusted to pH 7.2 with KOH. 
Single ICCs used in patch clamp experiments were bathed 
in a solution containing 2.8 mM KC1, 145 mM NaCl, 2 mM 



CaCl 2 , 10 mM glucose, 1.2 mM MgCl 2 and 10 mM HEPES, 
adjusted to pH 7.4 with NaOH. The pipette solution con- 
tained 145 mM Cs-glutamate, 8 mM NaCl, 10 mM Cs-2- 
bis(2-aminophenoxy)-ethane-Af Af',/V'-tetraacetic acid, and 
10 mM HEPES-CsOH, adjusted to pH 7.2 with CsOH. The 
whole-cell configuration patch-clamp technique was used to 
record membrane potentials (current clamp) of cultured 
ICC, and an Axopatch I-D (Axon Instruments, Aberdeen, 
UK) was used to amplify membrane currents and poten- 
tials. Command pulses were applied using an IBM-compat- 
ible personal computer and pClamp software (version 6.1; 
Axon Instruments). Data were filtered at 5 kHz, displayed 
on an oscilloscope and a computer monitor, printed using 
a Gould 2200 pen recorder (Gould, Valley View, OH, USA), 
and analyzed using pClamp and Origin (version 6.0) 
software. All experiments were performed at 30°C. 

Drugs 

The drugs used in the experiments, namely, histamine, te- 
trodotoxin (TTX), thapsigargin, U- 73 122, 5-fluoro-2-indolyl 
des-chlorohalopemide (FIPI), and KT5720, were purchased 
from Sigma-Aldrich. 2-Pyridylethylamine (2-PEA), Dima- 
prit, R-alpha-methylhistamine (R-alpha-MeHa), 4-methyl- 
histamine (4-MH), cetirizine and other drugs were pur- 
chased from TOCRIS (Bristol, UK). Appropriate solvents 
(DMSO or distilled water) were used to dissolve drugs and 
prepare stock solutions (50 or 100 mM), which were stored 
in aliquots at the designated temperatures. Required con- 
centrations of drugs were prepared during experiments and 
added to bath solutions. All drugs were applied to whole 
cell preparations by superfusion. The final concentration of 
DMSO in all drug preparations was <0.1% and at this level 
DMSO did not affect recorded traces. 

Statistics 

All data are expressed as means±SEs. The student's 
/-test for unpaired data was used to compare control and 
experimental groups. Statistical significance was accepted 
for p values < 0.05. 



RESULTS 

Effect of Histamine on pacemaker potentials in cul- 
tured ICCs 

The patch-clamp technique was applied to ICCs that 
formed network-like structures in culture (2~4 days), as 
these ICCs displayed more robust electrical rhythms. 
Spontaneous rhythms were routinely recorded under cur- 
rent and voltage-clamp conditions. Tissue-like spontaneous 
slow waves have been previously recorded from these cells 
[25]. To understand the effect of histamine on the pace- 
maker activities of ICCs, we examined its effects on pace- 
maker potentials. Recordings from cultured ICCs in current 
clamp mode (1=0) showed spontaneous pacemaker poten- 
tials. The resting membrane potential was — 51±2.4 mV 
and its amplitude was 21.3±2.2 mV. In the presence of his- 
tamine (10~100/<M), membrane potentials were depolar- 
ized to 5.1±0.8 mV at 10 ^M (n=5), 21.4±2.1 mV at 50 uM 
(n=4), and 37.2±2.1 mV at 100 uM (n=5) (Fig. 1A~C), and 
amplitudes decreased to 20.1±2.4 mV at 10 ^M (n=5), 10.1± 
2.3 mV at 50 uM (n=4), and 5.2±2.3 mV at 100 ^M (n=5) 
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(Fig. 1A~C). Summarized values and a bar graph of the 
depolarizing effects of histamine on pacemaker potentials 
are provided in Fig. ID. Also, to identify the involvement 
of neuronal mechanisms, tetrodotoxin (TTX, 1 ft M), a volt- 
age-dependent Na + channel blocker, was tested. TTX had 
no effects on the pacemaker potentials (n=4; data not 
shown). 

Identification of histamine receptor subtypes in cul- 
tured ICCs 

In this experiment, a high concentration of histamine (50 
juM) was used to induce more depolarizations, which allows 
for easier detection of the reduction of depolarizations by 
histamine treatment. To identify the receptor subtypes of 



histamine involved in cultured ICCs, cells were treated 
with various histamine receptor agonists. 2-Pyridylethyl- 
amine (2-PEA) (a selective Hl-agonist) [26], Dimaprit (a se- 
lective H2-agonist) [24], R-alpha-methylhistamine (R-al- 
pha-MeHa) (a selective H3-agonist) [24], and 4-methylhist- 
amine (4-MH) (a selective H4-agonist) [27] were all ad- 
ministered at a concentration of 50 p. M. 2-PEA depolarized 
pacemaker potentials, but others histamine receptor ago- 
nists had no effects on pacemaker potentials (n=5, re- 
spectively; Fig. 2A). To confirm the involvement of HI re- 
ceptor, ICCs were pretreated with cetirizine (a selective 
Hl-antagonist) [28] and then treated with histamine. After 
pre-treatment with cetirizine, membrane depolarization by 
histamine was blocked (n=4; Fig. 2E); membrane depolari- 
zation produced in the presence of cetirizine by histamine 
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Fig. 1. Effects of histamine on pace- 
maker potentials in cultured ICCs 
from murine small intestine. (A~C) 
show the pacemaker potentials of 
ICCs exposed to histamine (10 ~ 100 
//M) in current clamp mode (1=0). 
Responses to histamine are sum- 
marized in (D). Bars represent mean 
values±SEs. **: p<0.01. Significant- 
ly different from untreated controls. 
CTRL, control. 




Fig. 2. Effects of histamine receptor 
subtype agonists and antagonists on 
histamine-induced pacemaker po- 
tential responses in cultured ICCs. 
(A) Pacemaker potentials of ICCs 
exposed to 2-PEA (50 (iM). (B~D) 
Pacemaker potentials of ICCs expos- 
ed to Dimaprit, R-alpha-MeHa, or 
4-MH. (E) Pacemaker potentials of 
ICCs exposed to histamine in the 
presence of cetirizine (a HI receptor 
antagonist). Responses to agonists 
or antagonists are summarized in 
(F). Bars represent mean values± 
SEs. **: p<0.01. Significantly differ- 
ent from untreated controls. 
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was 1.2±1.3 mV (Fig. 2F). On the other hand, pretreatment 
with the selective H2-, H3-, H4-antagonists did not block 
membrane depolarization by histamine (data not shown). 
Summarized values and a bar graph of the effects of hista- 
mine receptor agonists on pacemaker potentials are pro- 
vided in Fig. 2F. 
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Fig. 3. Effects of an external Ca 2+ -free solution and of thapsigargin 
on histamine-induced pacemaker potential responses in cultured 
ICCs. (A) External Ca 2+ -free solution abolished the generation of 
pacemaker potentials, and blocked histamine-induced depolariz- 
ations. (B) Thapsigargin (5 u M) abolished the generation of pace- 
maker potentials and also blocked histamine-induced depolariz- 
ations. Responses to histamine in external Ca 2+ -free solution and 
in the presence of thapsigargin are summarized in (C). Bars 
represent mean values±SEs. **: p<0.01. Significantly different 
from untreated controls. CTRL, control. 



Effects of external Ca -free solution and of Ca - 
ATPase on histamine-induced responses in cultured 
ICCs 

Ca 2+ influx is required for GI smooth muscle contractions 
and for generating pacemaker potentials in ICCs. Further- 
more, the generation of pacemaker potentials is dependent 
on intracellular Ca 2+ oscillations [17]. To investigate the ef- 
fects on external and internal Ca 2+ on histamine-induced 
responses, histamine was tested under external norminal 
Ca + -free conditions and in the presence of thapsigargin (a 
Ca 2+ - ATPase inhibitor in endoplasmic reticulum) [29]. 
Pacemaker potentials were completely abolished by an ex- 
ternal norminal Ca" -free solution, and under this con- 
dition, histamine did not induce membrane depolarization 
(1.5±0.28 mV) (n=3; Fig. 3A). Furthermore, membrane de- 
polarization by histamine (50 v M) was significantly less 
than that caused by histamine in normal Ca 2+ containing 
solution (2 mM CaCla; 21.3±0.8 mV) (n=5; Fig. 3C). In addi- 
tion, histamine-induced membrane depolarizations were in- 
hibited by thapsigargin pretreatment (1.25±0.3 mV; n=4; 
Fig. 3B); in the presence of thapsigargin (5 fiM), membrane 
depolarization by histamine was significantly smaller than 
that induced by histamine in the absence of thapsigargin 
(21.3±0.8 mV) (n=5, Fig. 3B~C). 

Involvements of phospholipase C (PLC), phospholipase 
D (PLD), and protein kinase A (PKA) in histamine- 
induced responses in cultured ICCs 

Stimulation of histamine HI receptors activates PLC, 
which leads to the increased production of inositol 1,4,5-tri- 
phosphate (InsP3) [30] and subsequent Ca 2+ mobilization 
from InsP3-sensitive Ca 2+ stores [31], as demonstrated in 
many different tissues, such as, brain, heart, intestine, vas- 
cular tissues, tracheal epithelium, and airway smooth mus- 
cle [32-34]. Thus, we examined whether or not PLC, PLD, 
and PKA are involved in these effects of histamine using 
U-73122 (a PLC inhibitor), 5-Fluoro-2-indolyl des-chlor- 
ohalopemide (FIPI) (a PLD inhibitor), or KT5720 (a PKA 
inhibitor). In the presence of U-73122, histamine did not 
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Fig. 4. Effects of PLC, PLD, and PKA 
inhibitors on histamine-induced pace- 
maker potential responses in cul- 
tured ICCs. (A) Pacemaker poten- 
tials of cultured ICCs exposed to 
histamine (50 u M) in the presence of 
5uM U-73122 (a PLC inhibitor). (B) 
Pacemaker potentials of cultured 
ICCs exposed to histamine in the 
presence of 1/<M FIPI (a PLD in- 
hibitor). (C) Pacemaker potentials of 
ICCs exposed to histamine in the 
presence of 1 (iM KT5720 (a PKA 
inhibitor). Responses to histamine in 
the presence of different inhibitors 
are summarized in (D). Bars repre- 
sent mean values±SEs. **: p<0.01. 
Significantly different from untreat- 
ed controls. CTRL, control. 
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Fig. 5. Effects of specific TRPC3 inhibitors on histamine-induced 
pacemaker potential responses in cultured ICCs. (A) Pacemaker 
potentials of cultured ICCs exposed to histamine (50 u M) in the 
presence of 2/.iM pyr3 (a specific TRPC3 inhibitor). Responses to 
histamine in the presence of pyr3 are summarized in (B). Bars 
represent mean values±SEs. **: p<0.01. Significantly different 
from untreated controls. CTRL, control. 

cause membrane depolarization (n=6; Fig. 4A), indicating 
that PLC plays a role in histamine-induced membrane 
depolarization. In the presence of FIPI, the membrane po- 
tentials was a little hyperpolarized and histamine did not 
cause membrane depolarization (n=6; Fig. 4B), indicating 
that PLD plays a role in histamine-induced membrane 
depolarization. However, the PKA inhibitor KT5720 did not 
block membrane depolarization by histamine (n=5; Fig. 4C). 
Summarized values and a bar graph of the effects of hista- 
mine on pacemaker potentials are provided in Fig. 4D. 

Involvement of TRPC3 channels in histamine-induced 
responses in cultured ICCs 

It has been reported that histamine actives transient re- 
ceptor potential canonical 3 (TRPC3) channels [35], and 
thus, we investigated whether TRPC3 channels are in- 
volved in the membrane depolarization caused by hista- 
mine in cultured ICCs. In the presence of pyr3 (selective 
TRPC3 channel inhibitor [36]), the membrane potentials 
was not changed and histamine did not produce membrane 
depolarization (n=4; Fig. 5A), indicating that TRPC3 chan- 
nels play a role in histamine-induced membrane depol- 
arization. Summarized values and a bar graph of the effects 
of histamine on pacemaker potentials are provided in Fig. 
5B. 



DISCUSSION 

ICCs generate spontaneous pacemaker potentials that 
depolarize their membranes and spread to smooth muscle 
cells via gap junctions to depolarize smooth muscle cell 
membranes. Furthermore, it is known that pacemaker po- 
tentials are initiated by the release of Ca 2+ from the endo- 
plasmic reticulum. Cyclopiazonic acid (a Ca 2+ ATPase in- 



hibitor in endoplasmic reticulum) or xestospongin C (an in- 
hibitor of inositol (l,4,5)-triphosphate receptor in endoplas- 
mic reticulum) abolished the generation of pacemaker po- 
tentials, suggesting that inositol (l,4,5)-triphosphate-medi- 
ated Ca 2+ release from the endoplasmic reticulum is essen- 
tially required for pacemaker current generation. Because 
of the central role played by ICCs in GI motility, loss of 
these cells would be extremely detrimental. Thus, research 
into the biology of ICCs provides exciting new opportunities 
to understand the etiology of diseases that have long eluded 
comprehension. 

Few studies have addressed the effect of histamine on 
GI motility. In one study, it was found histamine induced 
a dominant contractile response in human colon tissue 
strips, and that the effects of histamine were not dependent 
upon nervous activity [37]. Bolton et al. [38] showed that 
histamine depolarized longitudinal smooth muscle cells and 
increased action potential discharge in guinea-pig ileum. 
Recently, Kim et al. [24] investigated that HI, H2 and H4 
receptor transcripts were expressed at similar levels in sim- 
ian colonic tissue whereas only the H2 receptor transcript 
was detected in murine colonic tissue. Stimulation of sim- 
ian colonic muscles with histamine caused depolarization 
and contraction in the presence of TTX. Histamine acti- 
vated non-selective cation channels in simian smooth mus- 
cle cells. In contrast, histamine caused hyperpolarization 
and inhibited contractions of murine colon. The hyper- 
polarization was inhibited by the Katp channel blocker, 
glibenclamide. Histamine-activated K + currents were in- 
hibited by glibenclamide in murine colonic smooth muscle 
cells. Therefore, they suggested that since histamine re- 
ceptor expression in simian colon is closer to that reported 
in human, they suggested that it is a more suitable model 
to predict the effects of the inflammatory mediator, hista- 
mine, on colonic motility in humans [24]. However, previous 
studies on the effects of histamine on GI motility studies 
were usually performed on smooth muscles, and no inves- 
tigation has been conducted on the effects of histamine on 
ICCs, the pacemaker cells in the GI tract. 

Here we evaluated the effects of histamine in ICCs and 
examined responses to a variety of histamine receptor-spe- 
cific agonists. Histamine has diverse effects on tissues due 
to expressions of specific H receptors and the activations 
of distinct intracellular pathways [39]. In particular, HI re- 
ceptors are coupled to Gq/11 proteins, which activate PLC 
and the phosphatidylinositol 4,5-bisphosphate signaling 
pathway [40,41]. In addition, in equine tracheal smooth 
muscle cells, intracellular Ca 2+ release, due to stimulation 
of the Hl/Gq/11 pathway, was found to be necessary for 
the histamine-induced activation of nonselective cation 
channels (NSCC) [41]. Subsequently, Kwan et al. [35] sug- 
gested that TRPC3 channels serve as molecular identifiers 
of NSCCs by histamine. In addition, in the present study, 
we identified the involvement of TRPC3 channels in hista- 
mine-induced membrane depolarizations in murine small 
intestine ICCs. In ICCs, there were many types of TRP 
channels. In cultured ICC clusters, TRPM2, TRPM3, 
TRPM7, and TRPM8 were expressed in murine small intes- 
tine [42]. Also, TRPC4 was expressed in ICCs and smooth 
muscles [43,44]. In murine stomach ICCs, TRP mRNA ex- 
cept TRPC5 were detected [45]. The implication of TRP 
channels in physiological and pathological processes of 
ICCs within the GI tract have raised enormous interest in 
the therapeutic exploitation. Therefore, these TRP channels 
seem to play many important physiological roles within the 
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GI system. 

Kim et al. [24] suggested that only the H2 receptor tran- 
script was detected in murine colonic tissue. These results 
are different from our this study. They used the longi- 
tudinal smooth muscle cells in colon and found the H2 tran- 
script by RT-PCR, but we used the cultured ICCs in small 
intestine. Also when we cultured the colonic ICCs and 
measured membrane potentials, the membrane potentials 
were irregular types. However, in small intestine, the mem- 
brane potentials were regular types. Therefore, we think 
that the mechanisms of GI motility is different between 
small intestine and colon. 

Generally speaking, histamine works from 1 vM to 10 
fiM [24]. However, in this study, histamine worked at high 
concentrations (>10/;M). Maybe, we think that it might 
be damage or reduce sensitivity of receptors during 
cultures. Histamine (high concentrations)-induced depolari- 
zations decayed spontaneously during prolonged stim- 
ulation of HI receptors in ICCs (desensitization). This is 
true especially in carbachol [46] and substance P [47]. The 
spontaneous decrease of the responses to sustained receptor 
stimulation has been explained by various mechanisms 
that include a decrease in receptor number [48] and auto- 
inhibitory feedback to signal-transducing molecules (e.g. 
G-proteinor) or effector molecules (e.g. ion channel) [49,50]. 
Also, it was explained by Ca 2+ dependent-PKC mediated in- 
hibition [51]. Desensitization of histamine-induced depola- 
rizations may be an example of a negative feedback mecha- 
nism in GI motility, and may prevent prolonged depol- 
arization. Without such negative feedback, recycling hista- 
mine-induced depolarizations may induce excessive Ca 2+ in- 
flux and contraction. 

ICCs are the pacemakers and the conductors of the elec- 
trical slow waves in GI smooth muscles [13-17]. Moreover 
there is evidence that endogenous agents such as neuro- 
transmitters, hormones and paracrine substances modulate 
gastrointestinal tract motility by influencing the ICCs 
[52-54]. Consequently, ICCs are involved not only in physio- 
logical GI motility, but also in many bowel disorders, in- 
cluding inflammatory bowel disease, chronic idiopathic in- 
testinal pseudo-obstruction, intestinal obstruction with hy- 
pertrophy, achalasia, Hirschsprung disease, juvenile pyloric 
stenosis, juvenile intestinal obstruction, and anorectal 
malformation. Thus, the study of endogenous agents such 
as neurotransmitters, hormones and paracrine substances 
(ex. histamine) is very important to understand the GI mo- 
tility and the target for pharmacological treatment of GI 
motility disorders. 

In the present study, histamine produced membrane de- 
polarization in current-clamp mode, and pretreatment with 
a Ca -free solution or with thapsigargin (a Ca -ATPase 
inhibitor in endoplasmic reticulum) abolished the gen- 
eration of pacemaker potentials. Under Ca 2+ -free conditions 
or in the presence of thapsigargin, histamine did not induce 
membrane depolarization. Furthermore, 2-PEA (a selective 
Hl-receptor agonist) induced membrane depolarizations, 
whereas Dimaprit (a selective H2-agonist), R-alpha-methyl- 
histamine (R-alpha-MeHa) (a selective H3-agonist), and 
4-methylhistamine (4-MH) (a selective H4-agonist) did not. 
In addition, pacemaker membrane depolarization by hista- 
mine was inhibited by U-73122 or FIPI, but not by KT5720, 
and pyr3 blocked histamine-induced membrane depol- 
arization. These results suggest that histamine affects GI 
motility by modulating pacemaker activity in ICCs, and 
that this activation is associated with TRPC3 channels via 



PLC and PLD activation and Ca + release from internal 
stores or occurs in an external Ca 2+ -dependent manner. 
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